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and also under different conditions of physiological activity in any
one region, but it is now recognised that the filtrate in all situations
normally contains at least a small amount of protein, probably not
exceeding 0-5 per cent, in the more permeable areas such as the
liver and less than 0-1 per cent, in the less permeable areas such as
the limbs. In the normal exchange of interstitial fluid between vessels
and tissue spaces most of the filtrate is returned to the circulation by
the veins and only a small amount by the lymphatics, but the latter
portion contains practically all the protein so that the protein content
of lymph is higher than that of the filtrate (Drinker). Thus the
protein content of lymph fluctuates widely, depending on the perme-
ability of the capillaries in the area drained, e.g. the hepatic lymph
is very rich in protein (3-5 per cent.). According to Whipple and his
associates the plasma proteins have important nutritive functions and
the process of lymph formation results in the constant circulation of
small amounts of protein to the tissue cells, a factor which may be
important in chronic lymphatic obstruction (v. infra.). We have no
precise knowledge of the magnitude of the normal fluid exchange but
presumably it must amount to many hundreds of litres daily (7,000 litres,
Franklin) and must fluctuate widely in the varying states of the circula-
tion to different parts. In the return of water and salt from the tissues
to the blood stream, the chloride ion shift from plasma to red cells
in de-oxygenated blood provides an additional force for the uptake
of water and salt averaging 4: ml. per litre of venous blood. If the
cardiac output is taken as about 7,500 litres per day the chloride shift
alone would enable about 30 litres of fluid to be transferred from tissues
to vessels (Shaw Dunn), and failure of this mechanism probably plays
a part in the development of oedema in conditions of severe anaemia.
The force provided by the chloride shift may also be concerned in the
absorption of exudates, transudates and of physiological saline intro-
duced subcutaneously. Further, this mechanism will automatically
fluctuate in proportion to the physiological activity of the tissues. Any
disturbance of the normal balance of these conditions will lead to
increased or decreased passage of fluid in one or other direction as
the case may be.
Although the capillary endothelum is normally relatively imperme-
able to the proteins of the plasma, this property may be altered under
conditions which can hardly be regarded as pathological, for example,
when the capillaries become dilated and their walls stretched (Krogh).
It is, however, difficult to draw a sharp line between physiological and
reactive dilatation and that which results from injury. Thus damage
of various kinds leads to increased permeability of the capillary walls
with escape of fluid containing protein in greater concentration.
The extreme example of this is the inflammatory exudation, where
increased capillary permeability may permit the escape of so large
a fraction of the plasma that stasis of the circulation results. Between
this and the normal state all degrees of capillary damage are seen, and